To study whether myocardial infarction differs in patients with and without ventricular tachycardia, the hearts of 22 deceased patients with ventricular tachycardia and 21 deceased control patients were analyzed quantitatively. The hearts from the ventricular tachycardia group were heavier and more dilated than those from the control group. Histologic analysis of a representative cross section from each heart showed that the ventricular tachycardia group had larger, more solid infarcts than did the control group. The ventricular tachycardia group also had a greater area of spared subendocardium, more hydropic change of the spared subendocardium, and more "ribbon type" spared subendocardium, which was defined as spared subendocardium of uniform contour 1 mm thick or less. The ventricular tachycardia group was divided into a subacute subgroup (n = 14, dying c 10 weeks after infarction) and a chronic subgroup (n = 8, dying > 10 weeks after infarction). The infarcts of the subacute ventricular tachycardia group were more solid and had a greater amount of ribbon type spared subendocardium than those of the chronic ventricular tachycardia group. This information can serve as a baseline for the evaluation of animal preparations of tachycardia and, when combined with knowledge of the location of the arrhythmogenic region furnished by intraoperative mapping, should lead to better understanding of the anatomic substrate for ventricular tachycardia.
VENTRICULAR TACHYCARDIA is a common complication of myocardial infarction and is associated with increased morbidity and mortality. 1 Although the size of infarcts in patients with ventricular tachycardia has not previously been quantified morphometrically, arrhythmias have been reported to be associated with large creatine kinase infarct size index2 and with poor cardiac function,3 thus implicating large infarct size as a contributing factor for ventricular tachycardia. Although the mechanism by which a large infarct can lead to an arrhythmia is not definitely known, ventricular tachycardia occurring after the acute stage of an infarct is thought to be caused by reentry within the structurally altered tissue in or adjacent to the infarct.4 Previous studies point toward several different morphologic regions around the infarct as a possible site of reentry. Spared subendocardium between the infarct and the left ventricular cavity may contain at least part of the anatomic pathway for reentry,5 as indicated by the ability of surgical removal of this tissue to halt ventricular tachycardia.6 In animal preparations, ventricular tachycardia has been shown to arise from reentry in the patchy spared subepicardium over the infarct7 as well as intramurally by reentry involving the transmural extent of the infarcted region.' It has been reported that aneurysms with fibroelastosis coating the endocardium are associated with ventricular tachycardia, whereas aneurysms with thrombus and fibrosis without elastic tissue coating the endocardium are not. 9 The purpose of this study was to analyze quantitatively the morphologic features of each of these regions of the infarcts in patients with and without a history of ventricular tachycardia. It is hoped that, in conjunction with electrophysiologic information gained by mapping, this information will lead to better understanding of the anatomic substrate of ventricular tachycardia and to the development of more exact preparations of postinfarction arrhythmias in animals.
Materials and methods
Patient selection. All deceased patients whose hearts were evaluated by the Duke University Cardiovascular Pathology CIRCULATION Laboratory between January 1975 and March 1985 were entered into the study if they (1) had a myocardial infarction, (2) had survived 10 days or longer after infarction, and (3) met the following criteria for either the ventricular tachycardia or the control group.
The patients in the control group (group A) must have had no history of ventricular fibrillation or ventricular tachycardia lasting 10 beats or more after the first 48 hr after infarction and no history of ventricular tachycardia lasting 3 beats or more or coupled premature ventricular contractions after the first 4 days after infarction. The patients must have been hospitalized through at least day 10 after infarction and must have undergone some form of electrocardiographic monitoring such as routine heart monitoring in the coronary care unit, telemetry, or Holter monitoring and had at least 10 ECGs recorded. Patients were excluded from the control group if they had unexplained sudden death. Patients with terminal ventricular tachycardia or ventricular fibrillation that was preceded by a subsequent infarction occurring within the last 48 hr of life were not excluded as controls. This acute subsequent myocardial infarct was not included in the quantitative histologic study described below.
Patients admitted to the ventricular tachycardia group must have had at least one episode of ventricular tachycardia lasting 10 beats or more occurring 10 days or later after infarction. All but three of the patients in this group had runs of ventricular tachycardia lasting more than 30 sec. Patients were excluded if the only episodes of ventricular tachycardia occurred (1) within the last 24 hr of life, (2) less than 10 days since a subsequent acute myocardial infarction, major trauma, or surgery requiring general anesthesia, or (3) in the presence of other possible causes of ventricular tachycardia besides an infarct, such as pulmonary embolism, digitalis toxicity, cardiac catheterization, or insertion of a Swan-Ganz catheter. Based on the length of survival, the ventricular tachycardia group was subdivided into a subacute group (group B, dying within 10 weeks of infarction) and a chronic group (group C, dying 10 weeks or more after infarction). All patients from group C had ventricular tachycardia during or after week 10.
Preparation of the hearts for study. All hearts were examined grossly by the standard protocol of the Duke Cardiovascular Pathology Laboratory, which includes the following procedures: injecting of coronary arteries with micropaque, B A photographing and x-ray photographing the whole heart, examining the coronary arteries every 5 mm and noting the degree of narrowing, cross sectioning the ventricles into five or six layers, and photographing and x-ray photographing the cross sections. By gross inspection, one of the middle cross sections that included representative portions of all the infarcts was selected for analysis.
A tracing of the heart slice was made on clear plastic, and 24 radii were drawn on the tracings from the center of the left ventricle, evenly spaced every 15 degrees circumferentially. The radii were numbered 1 to 24 in a clockwise direction (base to apex orientation) with radius number 1 bisecting the septuml' (figure 1, A). These 24 numbered radii were used to determine the location of all subsequent measurements.
The numbered radii were marked on the epicardial surface of the slice with India ink. Histologic slides of the entire circumference of the cross section were prepared with Masson or Mallory stain. With the marked epicardial surface as a guide, the numbered radii were reconstructed on the slides.
Collection of gross data. The numbered radii were copied onto a photograph of each heart slice and the following measurements were made along each radius (figure 1, B): (1) radius of the left ventricular cavity (Rca), defined as the distance from the center of the left ventricle to the first cardiac tissue (mural thrombus excluded); (2) endocardial radius of the left ventricular wall (Rendo), defined as the distance from the center of the left ventricle to the endocardial surface of the left ventricular wall, excluding papillary muscle and trabeculae; (3) epicardial radius of the left ventricular wall (Repi), defined as the distance from the center of the left ventricle to the epicardial surface of the left ventricular wall; and (4) intraventricular space, defined as the space occupied by ventricular cavity or thrombus along a designated radius between papillary muscle or trabeculae and the left ventricular wall. The septum, excluding right ventricular trabeculae, was included as left ventricular wall. Measurements were rounded to the nearest 0.5 mm and adjusted to correct for magnification of the photograph.
The presence of an aneurysm was noted for each heart. An aneurysm was defined as a portion of the left ventricular wall containing a myocardial infarct with two or more of the following characteristics: (1) the left ventricle. ' A point score of coronary artery stenosis was assigned to each heart according to the method of Sugiura and Okada.'2 The three major coronary arteries were divided into three segments and the points for each of the nine segments were summed. The points given for each segment were 5 for 100% obstruction, 4 for 75% stenosis, 3 for 50% stenosis, 2 for 25% stenosis, 1 for slight stenosis, and 0 for no stenosis. Collection of histologic data Definitions. The left ventricular wall was defined as all left ventricular muscle, connective tissue replacing left ventricular muscle, and associated supportive tissues such as blood vessels, but excluding endocardial fibrosis, papillary muscles, trabecu-lae, and epicardial connective tissue. Endocardial fibrosis was defined as the epithelium and associated fibrous connective tissue adjacent to the endocardial surface of the left ventricle, excluding mural thrombus. Thus the endocardial surfaces of all heart wall, papillary muscle, and trabeculae were considered to be bordered by endocardial fibrosis.
Myocardial fibrosis/necrosis was defined as the fibrous or organizing connective tissue that had replaced infarcted myocardium as well as the coagulative necrosis that had not yet been replaced by connective tissue within the center of an organizing infarct. The amount of fibrosis or necrosis was estimated along segments of each numbered radius as indicated in table 1 and illustrated in figure 2. Two patterns of myocardial fibrosis occurred: (1) confluent fibrosis and (2) interstitial fibrosis. Confluent fibrosis was defined as fibrous or organizing connective tissue that had replaced dead myofibers. Confluent fibrosis was either patchy (25% to 94%, table 1) or solid. Interstitial fibrosis was defined as increased patchy (6%, table 1) fibrous tissue surrounding viable myocardial cells.
Barrier infarct was defined as solid myocardial fibrosis/necrosis of the left ventricle, extending 5 mm or more circumferentially (perpendicular to the numbered radii), and having at least 0. 1 mm thickness (parallel to the numbered radii) of 100% fibrosis or necrosis for its entire circumferential length. Barrier infarct could exist in both papillary muscle and left ventricular wall. To be called barrier infarct in the left ventricular wall, the endocardial border of the barrier infarct must have been within the endocardial half of the wall. This solid infarct was called FIGURE 2. Examples of patchy fibrosis. Panels A to D show 6%, 25%, 50%, and 75% patchy fibrosis, respectively. (Masson stain; original magnification X 40.) barrier infarct because it could serve as a barrier to the spread of depolarization between spared myocardium in the subendocardium and the subepicardium.
Spared subendocardium was defined as viable muscle in the left ventricular wall, papillary muscles, or trabeculae that was positioned between barrier infarct and the center of the left ventricle. Two morphologic types of spared subendocardium were defined as ribbon and irregular. Ribbon spared subendocardium was uniform in thickness and contour, resembling a thin ribbon of viable muscle on the slide positioned between barrier infarct and the ventricular cavity. By definition, it was 1 mm thick or less and extended at least 5 mm along the surface of endocardium. Irregular spared subendocardium was all the remaining spared subendocardium that did not meet the ribbon criteria. Hydropic change of the spared subendocardium was defined as replacement of the myocyte cytoplasm with vacuoles in viable myocytes. 13 The degree of hydropic change is defined in table 2 and demonstrated in figure 3 .
Viable left ventricular wall muscle with patchy fibrosis/necrosis was defined as left ventricular muscle, other than spared subendocardium or barrier infarct, that contained patches of fibrosis or necrosis greater than 0.1 x 0.1 mm in size. The patchy left ventricular wall began at the junction of the epicardial border of the barrier infarct and viable muscle. If no barrier infarct existed, then it began at the outer border of the endocardial fibrosis. The patchy left ventricular wall extended continuously outward along the numbered radius to the epicardial border of the most epicardial patch of fibrosis (figure 1, C, segment HI). Viable left ventricular wall muscle without fibrosis/necrosis was defined as viable muscle other than spared subendocardium or patchy left ventricular wall muscle. It could contain interstitial fibrosis, but not patches of confluent fibrosis/necrosis. It spanned the distance from the most epicardial surface of the endocardial fibrosis, barrier infarct, or patchy wall muscle to the epicardial surface of the left ventricular wall (figure 1, C, segment IJ).
Data collection. Each slide was examined at 20 x with a calibrated slide viewer. The individual thicknesses of endocardial fibrosis, papillary muscle, trabecular muscle, spared subendocardium, barrier infarct, viable wall muscle with patchy fibrosis, and viable wall muscle without patchy fibrosis were determined along each radius by measuring the length of the radius passing through that tissue (figure 1, C). Measurements were adjusted for magnification and rounded to the nearest 0.05 mm. The average percent fibrosis was estimated for each measured length. The number of times the radius crossed endocardial fibrosis, papillary muscle, and trabecular muscle was counted. The presence of organizing mural thrombus was noted for each radius.
The spared subendocardium was further analyzed microscopically. Along each radius, the spared subendocardial layers were classified as either ribbon or irregular and the thickness of the spared subendocardium and the endocardial fibrosis was measured. The percent fibrosis and average degree of hydropic change were estimated. Thickness was measured perpendicular to the junction of the spared subendocardium and barrier infarct at the point where the radius intersected that junction. If the spared subendocardium was a papillary muscle or trabecula that did not contain solid fibrosis, the entire papillary muscle or trabecula was counted as one layer of sparing and its width was measured perpendicular to its longitudinal axis at the point where the numbered radius intersected this axis. All measurements of subendocardium were made microscopically at 40 X and converted into millimeters. The section from each myocardial infarct containing the maximal thickness of endocardial fibrosis was stained with Verhoeff-van Gieson elastic tissue stain. Each section was examined microscopically for the presence of elastic tissue in the endocardial fibrosis. Elastic tissue was considered to be present in the endocardial fibrosis if 10% or more of the thickness of endocardial fibrosis contained elastic fibers.
Calculations. Details of how the variables were calculated are given in the Appendix. The data were analyzed by the general linear models programs of the SAS statistical package. When appropriate, the repeated-measures design and analysis of covariance with separate slopes design were utilized.
Sixty-two different statistical comparisons were performed with the various calculated variables. Applying the Bonferroni correction for multiple comparisons, p values less than approximately .0008 are significant for an overall a level of .05.14 Of the 62 p values, 27 were less than .05. If the variables were independent, three of the 62 p values could be expected to be less than .05 by chance. In the Results and Discussion sections, the 27 comparisons with p values less than .05 are considered to indicate a significant difference with the realization that a few of these 27 may not really be different.
Results
The patient demographics and causes of death are summarized in table 3. The patient distribution between the groups appears similar for age, race, sex, and number of infarctions. The causes of death differed among the groups with all of group B and half of group C dying of ventricular tachycardia or congestive heart failure. The heart slice selected for analysis was located 47 + 9% (mean + SD) of the distance from the mitral valve anulus to the apex for patients with anterior infarcts, 39 + 5% for patients with inferior or lateral infarcts (p < .05), and 41 ± 11% for patients with anterior and inferior or lateral infarcts.
The gross findings are summarized in table 4. The results for the two ventricular tachycardia groups are given combined (column BC) and separately. The hearts of the combined ventricular tachycardia groups were larger and were more dilated than those of the control group, as shown by the larger mean radius of the left ventricular cavity. There were more aneurysms in the combined ventricular tachycardia groups. Barrier infarct involved the septum more commonly in the combined tachycardia groups than in the control group and involved the anterior wall more commonly in the subacute than in the chronic ventricular tachycardia group. There were no differences among any groups in the extent of coronary artery disease.
Details of myocardial infarct structure are summarized in table 5 and illustrated in figures 4 and 5. The percent of infarction was greater in the combined ventricular tachycardia groups than in the control group. A This difference was caused mainly by a larger area of solid infarct and to a lesser degree by a larger area of patchy infarct. The thickness and circumferential extent of solid infarct, but not of patchy infarct, were greater in the combined tachycardia groups than in the control group. The degree of patchiness of fibrosis/necrosis in regions of patchy infarct was not different among the groups.
The infarcts of groups B and C were morphological- TABLE 4 Gross characteristics of heart slice ly different. As would be expected from the patient selection criteria, the infarcts in group B were primarily organizing infarcts, whereas those in group C were mostly fibrotic. The percent infarction of the heart slice was greater in the subacute tachycardia group because the mean area of solid infarct of this group was 2.5 times larger than that of the chronic tachycardia group (table 5) . This was caused primarily by a greater circumferential extent of solid infarct in group B. The percent of total infarct area that was patchy was much greater in group C (74%) than in group B (49%), principally because of an increased thickness of the patchy infarct layer. However, the circumferential extent of patchy infarct was similar in the two groups, so that the absolute area of patchy infarct for group C was not significantly larger than that for group B. In summary, the subacute ventricular tachycardia group was characterized by thick solid infarcts with large circumferential extent and the chronic ventricular tachycardia group by predominantly patchy infarcts with a solid portion of smaller circumferential extent ( figure 5 ). Details of the endocardial region beneath the infarct are summarized in table 6. The spared subendocardium of the combined ventricular tachycardia groups had a different morphology than that of the control group. The area of spared subendocardium in the combined tachycardia groups was larger than that in the control group. The larger area of spared subendocardium in the combined tachycardia groups was caused by a greater circumferential extent of spared subendocardium, as shown by the percentage of radii with sparing, and not by an increase in thickness of the spared subendocardium or by an increased number of layers of spared subendocardium per radius. docardium in the combined ventricular tachycardia groups was the relatively large amount of ribbon spared subendocardium. The area of ribbon spared subendocardium was a mean of 3.8 times larger in the combined tachycardia groups than in the control group (table 6) . The percentage of the radii crossing ribbon spared subendocardium was significantly different in the combined groups than in the control group, where-AB 1.A as the percentage of the radii crossing irregular spared subendocardium was not significantly different. Group B had a greater amount of ribbon spared subendocardium than did group C as indicated by the percentage of radii and area measures. The two ventricular tachycardia groups did not differ in any of the measurements of irregular spared subendocardium. Besides ribbon sparing, two other spared subendo- percent fibrosis of the spared subendocardium, the average thickness of the spared subendocardium, and the presence of endocardial elastosis. The thickness of endocardial fibrosis and degree of endocardial elastosis appeared to be more dependent on the presence and age of myocardial infarct than on any other variable.
In the presence of mural thrombus, the underlying spared subendocardium was frequently thinner, more fibrotic, and on occasion obliterated. Hydropic change was seldom found in association with mural thrombus. The endocardial fibrosis underlying a mural thrombus contained less elastic tissue than did the endocardial fibrosis adjacent to a mural thrombus. 5 Ribbon spared subendocardium differed morphologically from irregular spared subendocardium. Besides the intrinsic difference of uniform thickness and contour, ribbon spared subendocardium was always less than 0.75 mm thick. When compared with irregular spared subendocardium that was less than 0.75 mm thick, ribbon spared subendocardium had a greater degree of hydropic change and was located under more solid infarcts (table 7) . Ribbon spared subendocardium did not differ from thin irregular spared subendocardium in the percent fibrosis of the sparing or in the thickness of endocardial fibrosis beneath the sparing.
To determine whether any of the differences between the ventricular tachycardia and control groups were independent of infarct size, the covariable percent fibrosis of the left ventricle was included in the statistical model. No differences were found to be independent of percent fibrosis of the left ventricle.
Discussion
It is not known why some patients develop ventricular tachycardia after myocardial infarction while others do not. 16 It is known that ventricular tachycardia occurring after the acute stage of myocardial infarction is most likely caused by reentry4 and that arrhythmias are more common in those patients with poor cardiac function.3 This finding implicates infarct size as a contributing factor for ventricular tachycardia,`7 since cardiac function is inversely related to infarct size. '0 Our findings substantiate the presence of large infarct size in patients with ventricular tachycardia. This finding was based on a single representative slice through the infarcts. Seven of the patients in this study were included in previous studies in which infarct size was estimated from all of the ventricular slices.120 The correlation coefficient for infarct size estimated by the two methods was 0.75 (p = .05), indicating that infarct size estimated from the single slice is related to total infarct size estimated from all slices. It is not known how or why large infarct size leads to ventricular tachycardia. Our study documents several differences between the infarcted hearts of patients with and without ventricular tachycardia. These differences are not independent of infarct size, so that one or more of the differences may be responsible for the increased incidence of ventricular tachycardia in patients with large infarcts. The differences between the ventricular tachycardia and control groups can be separated into three categories: (1) differences in gross findings, (2) differences in myocardial infarct structure, and (3) differences in spared subendocardium.
Differences in gross findings. The hearts of the ventricular tachycardia group were larger than those of the control group as measured by heart weight and were more dilated as indicated by the larger radii of the left ventricular cavity (table 4). Since infarction causes corresponding hypertrophy of surviving tissue21' 22 and left ventricular dilatation,23 24 the differences between the two groups could be caused by increased postinfarction hypertrophy and dilatation secondary to the larger myocardial infarcts in the ventricular tachycardia group. Alternatively, larger, more dilated hearts may get bigger infarcts. In either case, the hypertrophy and dilatation may indicate a compromise in hemodynamic function, exacerbating myocardial ischemia and increasing the probability of ventricular tachycardia.
Infarct location in the ventricular tachycardia groups, but not the control group, frequently included the septum. Electrophysiologic studies also indicate the importance of the septum; almost half of ventricu-1274 lar tachycardias appear to arise from the septum, 25 although it occupies only about one-fourth of the left ventricular mass.
Differences in myocardial infarct structure. The infarets of the ventricular tachycardia groups were larger than those of the control group (table 5) . This was caused primarily by a larger area of solid infarct and secondarily by a larger area of patchy infarct. Both thickness and circumferential extent of solid infarct were increased in the ventricular tachycardia groups. Solid infarct serves as an anatomic barrier to the spread of electrical activation, and a macroreentrant circuit might circumnavigate this barrier, either around its lateral border (figure 6, A) or beneath it in the subendocardium and then over it in the subepicardium ( figure   6 , B). The circumferential extent of solid infarct may determine if such a macroreentrant arrhythmia can occur. An increase in circumferential extent of solid in- B D farct would increase the possible length of the reentrant pathway and consequently increase the circuit time of the pathway.26 Increased circuit time would lengthen the time available for repolarization of the cells along the pathway so that the reentrant circuit could be perpetuated. Also, an increase in pathway length may increase the probability that the conditions in some portions of the pathway are conducive to unidirectional block or slowed conduction. Alternatively, the increased solidity of the myocardial infarct in the ventricular tachycardia groups may protect the reentrant circuit by decreasing the probability that microreentry in the subendocardium will be interrupted by electrical activation from the subepicardium (figure 6, C) or vice versa (figure 6, D). Large myocardial infarct size decreases ejection fraction10 and may cause or exacerbate ischemia, which in turn may delay conduction within part of a potential reentrant pathway.27 Decreased cardiac function could also alter autonomic tone, which can affect conduction velocity, repolarization, and automaticity.28
Differences in spared subendocardium. Sparing of myocardial fibers occurs adjacent to the endocardium beneath almost all infarcts, whether or not ventricular tachycardia is present. 9 29 This muscle is probably preserved because of exchange of nutrients and wastes with blood in the left ventricular cavity by diffusion. 30 The amount and morphology of spared subendocardium was different in the ventricular tachycardia and control groups (table 6). The area of the left ventricle with spared subendocardium was greater in the ventricular tachycardia groups than in the control group because of a greater circumferential extent of sparing. The thickness of spared subendocardium was not significantly different. The larger circumferential extent of spared subendocardium reflects the greater circum-Vol. 74, No. 6, December 1986 FIGURE 6. Possible types of reentry that could occur adjacent to a barrier infarct. A, Macroreentry around the periphery of the barrier infarct. B, Macroreentry under and over the barrier infarct. C, Microreentry in the spared subendocardium. D, Microreentry in the spared subepicardium. Black represents solid infarct, and arrows indicate the reentrant pathway. ferential extent of solid infarct in the ventricular tachycardia groups.
Spared subendocardium is a likely anatomic site for at least part of the reentrant pathway,31 32 since surgical removal of this tissue frequently prevents recurrences of ventricular tachycardia.6 As discussed for the barrier infarct, greater circumferential extent of the spared subendocardium may increase the likelihood of macroreentry by increasing the possible length of a macroreentrant pathway, increasing the possible circuit time of the pathway, increasing the probability of repolarization before reexcitation occurs, and increasing the possibility that some portion of the spared subendocardium will develop unidirectional block and slow conduction. Alternatively, the increased extent of spared subendocardium may increase the probability of existence of a small region of tissue with a particular structure that can support microreentry. If a particular type of tissue structure is required for microreentry within the subendocardium, it may be found within the ribbon type of spared subendocardium. The most striking difference in spared subendocardium between the ventricular tachycardia and control groups was the increased amount of ribbon spared subendocardium in the ventricular tachycardia groups. Ribbon spared subendocardium is a thin layer of preserved myofibers adjacent to the endocardium with uniform contour and thickness. It is characteristically six to 10 cell layers thick. Ribbon spared subendocardium occurs most frequently beneath those regions of infarct that have the greatest thickness and solidity. Thus ribbon sparing may occur in regions with little collateral blood supply or with prolonged ischemia during infarction. Ribbon spared subendocardium may be prone to the development of unidirectional block or slow conduction, and its thinness may decrease the 1275 A c safety factor for conduction. In a canine preparation, unidirectional block occurs most frequently in the thin regions of epicardial sparing.`The interstitial fibrosis of ribbon sparing may distort the normal intercellular connections and thus decrease the speed, reliability, and uniformity of conduction.`4 However, the percent fibrosis of ribbon and thin irregular sparing were not different in this study (table 7) .
The degree of hydropic change of the spared subendocardium in the ventricular tachycardia group averaged almost five times greater than that in the control group (table 6) and was greater in ribbon than in irregular sparing (table 7) . Hydropic change in the spared subendocardium is most likely caused by chronic ischemia. 13 Thus the degree of ischemia of the spared subendocardium may have been significantly greater in the ventricular tachycardia groups than in the control group. Ischemia in the spared subendocardium could decrease the speed and safety factor of conduction and shorten repolarization. 35 It could also cause arrhythmic foci to occur in the spared subendocardium.
In aneurysms, the presence of elastic tissue within endocardial fibrosis lining the endocardium has been reported to be positively associated with ventricular tachycardia, whereas organized mural thrombus without elastic tissue lining the endocardium has been negatively associated with ventricular tachycardia.9 In contrast, we found elastic tissue within endocardial fibrosis in the majority of myocardial infarcts, whether or not ventricular tachycardia occurred. Our study, however, was not limited to hearts with aneurysms.
Fractionated potentials are recorded from more endocardial sites in patients with ventricular tachycardia than in those without ventricular tachycardia.36 It has been reported that fractionated potentials may result from nonuniform, splintered conduction of activation fronts through tissue with patchy fibrosis. 3 We therefore expected, but did not find, a difference in the percent fibrosis of the spared subendocardium between the control and ventricular tachycardia groups. Since fractionated potentials are recorded from only a portion of the endocardium, even in patients with ventricular arrhythmias, it may be that fibrosis is increased in only that portion of the subendocardium. Perhaps hydropic change causes fractionated potentials. A third explanation for the source of fractionated potentials may be found in the endocardial fibrosis that lies beneath the infarcts. This layer separates the recording electrode from the spared myocardium, decreasing the size of the potential recorded from this tissue.3 Since the potential recorded at an electrode is a function of the second power and even higher powers of the dis-tance between the current source and the electrode, 38 the potential that will be decreased most markedly is from the immediately subjacent spared myocardium, so that this potential is more nearly the magnitude of the potentials generated by slightly more distant layers of spared myocardium. Thus each fragment of the fractionated potential could arise from a different layer of sparing. Since there is a greater circumferential extent of spared subendocardium with associated endocardial fibrosis and increased thickness of endocardial fibrosis in the ventricular tachycardia groups, fractionated potentials may be recorded from more sites.
Comparison of subgroups. The infarcts of the subacute and chronic ventricular tachycardia groups differed in several ways. The infarcts of the subacute ventricular tachycardia group (group B) were characteristically larger, more frequently anterior, and more solid than those of the chronic group (group C). The infarcts of group B were accompanied by a larger extent of spared subendocardium and a higher ratio of ribbon to irregular spared subendocardium. The differences in time of survival after infarction and in the size of the infarcts between the two ventricular tachycardia groups may be related to infarct location; the infarcts in group B involved more of the anterior left ventricular wall, and anterior infarcts tend to be larger and have a higher mortality than inferior or posterior infarcts.
The striking morphologic differences in infarct structure may indicate different types and locations of reentry for the two ventricular tachycardia groups. The greater thickness, circumferential extent, and solidity of the infarcts of group B may restrict the reentrant pathway to the plane of spared subendocardium, essentially producing a two-dimensional planar circuit.7 The smaller, more patchy infarcts of the late mortality group might permit the development of complex threedimensional circuits not confined to the subendocardium. 8 Alternatively, reentry may occur by the same mechanism in the same type tissue for both ventricular tachycardia groups. If so, the two morphologic similarities shared by the two tachycardia groups but not the control group, i.e., the large absolute amount of patchy myocardial infarct and the increased area of irregular spared subendocardium, suggests that patchy infarct or irregular sparing could be the tissue in which reentry occurs.
Conclusion. This quantitative morphologic study has documented several differences in infarct structure in patients with and without ventricular tachycardia after infarction. In the ventricular tachycardia group, differences and similarities in patients dying early and late after infarction were observed. This finding is not suf-ficient to define unequivocally the anatomic substrate for ventricular tachycardia because it is not definitely known whether the arrhythmia arises from the subendocardium, intramyocardium, subepicardium, lateral infarct border, or some combination of these regions. However, intraoperative mapping for the surgical treatment of arrhythmias continues to supply more complete information about the location, size, and pathway of the reentrant circuits giving rise to tachycardia. This information about the location of the arrhythmogenic region can be combined with quantitative knowledge about the infarct structure in that region to give a better understanding of why ventricular tachycardia occurs in some patients and not in others after myocardial infarction. Besides quantifying the extent of morphologic structures, future studies should determine the three-dimensional topography and location of these structures and correlate this information with electrophysiologic data obtained from the same tissue.
Most animal preparations of ventricular tachycardia are created by artificially induced, sudden occlusion, and sometimes reperfusion, of a coronary artery that is free from atherosclerosis.40 Because--it is not known how closely the infarcts created in these preparations duplicate the infarcts of patients with ventricular tachycardia, the clinical relevance of electrophysiologic mechanisms of tachycardia observed in animal experiments is unclear. The quantitative analysis of infarct structure performed in this study furnishes a baseline against which the infarct structures of animal preparations can be compared. where Repi = radius of the epicardial surface, Rendo = radius of the endocardial surface, Rcav = radius of the left ventricular cavity, NIVS = number of intraventricular spaces for the ith radius, and LIVS = length of intraventricular spaces for the ith radius. Percent infarction of the heart slice. The percent infarction of the heart slice was calculated by summing the products of area times percent fibrosis/necrosis of each segment of each radius and dividing by the area of the heart slice.
Area of infarct. The area of the infarct was the sum of all the areas of each radius for which the percent fibrosis of that area was .25%. The area of patchy myocardial infarct was the sum of all the areas of each radius for which the percent fibrosis of that area was .25% and s75%. The area of solid myocardial infarct was the sum of all the areas of each radius for which the percent fibrosis of that area was >75%.
Thickness of infarct. The thickness of the infarct was calculated by summing the thickness of all heart segments for which the percent fibrosis of that segment was .25% and dividing by the number of radii with segments of percent fibrosis .25%. The thicknesses of patchy and solid myocardial infarct was calculated in a similar fashion using, respectively, those segments for which the percent fibrosis was 25% to 75% and greater than 75%.
Percent of the left ventricular circumference with infarct. The circumferential extent of solid, patchy, and barrier infarct was the percentage of radii containing segments of solid, patchy, or barrier infarct, respectively. This estimates the percentage of the circumference of the left ventricle with each type of infarct. Percent fibrosis/necrosis of patchy infarct. The percent fibrosis/necrosis of patchy infarct was calculated by summing the products of area times percent fibrosis for each segment of each radius for which the percent fibrosis of that segment was 25% to 75%, and then dividing the sum of the products by the sum of the areas for which the percent fibrosis was 25% to 75%.
Area of spared subendocardium. The area of spared subendocardium (SSE) was the sum of the areas of spared subendocardium in the papillary and trabeculae muscles (pap + trab SSE) and in the left ventricular wall (wall SSE): 
